Background: High sodium and/or low mineral intake are known to be associated with elevated blood pressure. It has been reported that substituting low-sodium, mineral-rich salt for refined salt lowers blood pressure (BP). And solar salt is emerging as a low sodium high mineral salt for a healthy diet in Korea. Therefore, this double-blind, randomized, and placebo-controlled trial was conducted to explore changes in BP from substituting refined salt with solar salt among hypertensive elderly subjects. Methods: Forty-three hypertensive and institutionalized elderly individuals aged 65 years or older were enrolled. Thirty-eight subjects (88.4%) completed the study. Subjects were provided with either a solar salt-or refined salt-based diet for eight weeks. Results: Systolic BP decreased significantly in the solar salt-based diet group after 2, 4, and 8 weeks when compared to the refined salt-based diet group. And, diastolic BP was lowered significantly in the solar salt-based diet group compared to that in the refined salt-based diet group after 8 weeks. In addition, urinary sodium/potassium, and angiotension converting enzyme activity decreased significantly in the solar salt-based diet group compared to the refined salt-based group. Urinary potassium excretion was significantly increased in the solar salt-based diet group. Conclusions: These results may provide clinical evidence that solar salt has beneficial effects on BP in elderly patients. And, people such as Koreans, who do not consume enough minerals, may experience a greater anti-hypotensive effect by using solar salt. However, further large-scale studies are necessary. Korean J Health Promot 2015;15(3):98-107
INTRODUCTION
Hypertension is more prevalent, less controlled, and more severe in the elderly, affecting more than two out of every three individuals over the age of 75. 1) Although many elderly hypertensive patients use anti-hypertensive medications, it is necessary to consider all medical conditions and history before prescribing anti-hypertensive medications as adverse effects can occur frequently. In addition, there has been an increasing tendency not to treat high blood pressure with anti-hypertensive medications in the elderly. 2) Instead, modifications in lifestyle, such as reduced sodium intake, are more importantly suggested as a first approach.
High sodium intake is associated with elevated blood pressure (BP) and increased risk of cardiovascular disease (CVD). 3) And, it has been shown that a high salt intake is an independent factor in predicting the risk of type 2 diabetes. 4) There have been many animal experiments, epidemiological studies, and clinical trials concluding that hypertension and CVD can be prevented by decreasing dietary sodium. 5, 6) It has also been reported that dietary minerals have a beneficial effect on blood pressure, especially in hypertensive patients. 7) However, the hypotensive effect of each mineral supplementation is not consistent. 7) Increasing the intake of a variety of minerals is more effective in lowering BP than a single mineral. 7) Furthermore, the anti-hypertensive effect of the Dietary Approaches to Stop Hypertension diet, which includes numerous minerals such as potassium, calcium, and magnesium, was much greater than reduced sodium intake. 8) Therefore, the replacement of refined salt with low-sodium, mineral-rich salt has been suggested as an effective alternative to reducing salt and increasing minerals in the diet. Studies have shown that substituting mineral-rich salt for refined salt lowered BP in subjects with hypertension. [9] [10] [11] [12] Solar salt is produced from the evaporation and concen- 
Study design
A randomized, double-blind clinical trial was carried out for eight weeks to compare the effects of solar and refined We wanted the capability to show a difference of 2 mmHg in systolic BP between the groups. The drop-out rate was expected to be less than 15% and we asked 43 patients to participate in this study.
Among the subjects, two subjects in the solar salt group and one from the refined salt group were excluded from the study due to unexpected discharge from the hospital; and two other subjects, one from each group, were excluded because of deteriorating conditions. Thirty-eight subjects completed the study, for a completion rate of 88.4%.
Study subjects were randomized in a double-blind fashion to receive either a solar salt-or a refined salt-based diet. Randomization was performed by creating a table of random numbers, which assigned each subject into either group. The investigator and subjects were unaware of the type of salt contained in the meals. Subjects were provided with a meal composed of 2,000 kcal/day for males and 1,600 kcal/day for females according to the Dietary Reference Intakes for Koreans (KDRIs). 15) For both groups, 5,000 mg/day of sodium was provided based on the average Korean consumption, 16) as a sudden application of the KDRI (goal:
2,000 mg/day) resulted in a decrease in dietary intake due to significant changes in palatability to the subjects. Each meal was prepared by adding 2.4 g refined salt (sodium 1,000 mg) or 2.8 g solar salt (sodium 1,000 mg) to a low-salt diet (sodium 2,000 mg/day). Subjects and care workers were 
Measurements
Anthropometric evaluation, nutritional analysis, and biochemical assays were performed for each patient. Medical history, current medical conditions, and medication data were collected from medical records. For cognitive and functional assessment at baseline, valid and reliable instru- 17) Korean Activities of Daily Living (K-ADL), 18) Seoul-Instrumental Activities of Daily Living (S-IADL), 19) and GDS 20) were performed. MMSE is a brief 30-point questionnaire test that is used for screening cognitive impairment. 
Scores

RESULTS
Clinical characteristics of the subjects at baseline
The clinical characteristics of subjects according to solar or refined salt-based diets are shown in 
Nutrient status before and after trial
Total calorie and nutrient intake before and after the trial are described in Table 2 . There were no significant differences in baseline nutrient intake between the groups.
Intake of total calorie, protein, fat, and carbohydrate did not differ with change to the type of salt ( Table 2 ).
Clinical outcomes of solar-or refined salt-based diet before and after 8 weeks
Pre-and post-study data are presented in Table 3 . There were significant decreases in systolic BP (P=0.007) and urinary sodium/potassium (P=0.040) within the solar salt group after trial. And, serum (P=0.030) and urinary (P=0.008) potassium levels were increased within the solar salt group after the trial. In the refined salt group, no significant differences were found after the trial. and was also significantly different after 2, 4, and 8 weeks between the two groups (all P<0.050, Fig. 2A) . Changes in the diastolic BP were not observed after 2, 4, and 8 weeks within either group, but significant differences were observed between the two groups after 8 weeks (P=0.045, Fig. 2A ). ACE activity decreased significantly in the solar salt-based diet (P=0.030, Fig. 2B ) compared to the refined salt-based diet group after adjusting for age and sex.
After adjusting for total calories and urinary sodium using ANCOVA for differences by calorie intake, we assessed the changes to the BP in the two groups. There were significant differences in systolic BP (P=0.020) and the rate mmHg in pre-study and 129 (120-138) mmHg in post-study (P=0.910). Also, the rate of change of the systolic BP was significantly different between the two groups (P=0.009) (data is not shown) ( Table 3 ).
DISCUSSION
The results of this study indicate that a solar salt-based diet had beneficial effects on blood pressure in institutionalized, elderly patients with hypertension. In addition, urinary In some previous studies, [9] [10] [11] [12] In particular, the elevation of the systolic BP is a result of the loss of arterial elasticity, or compliance, and is a characteristic of the elderly. 21, 22) Systolic BP is a better indicator of increased cardiovascular risk in the elderly and is more reliable than diastolic BP alone. 23 [25] [26] [27] and by increasing nitric oxide production in the endothelium. 24) Third, modulation of the renin-angiotensin-aldosterone system (RAAS), a hormone system regulating blood pressure and fluid balance, can be involved in the hypotensive effect via these minerals directly or indirectly. Changes in calcium and magnesium fluxes across cell membranes are reflected in plasma rennin activity in hypertension. 28, 29) Extracellular ionized calcium inhibits rennin secretion through the calcium-sensing receptors localized in the juxtaglomerular apparatus. 30) Blood pressure in the solar salt-based diet group did not increase as much as that in the refined salt-based diet group of Dahl salt-sensitive rats. 31) Plasma ACE activity in the solar salt-based diet group was also lower than that in the refined salt-based diet group. 32) Finally, possible mechanism offered by some previous researches is the anti-oxidative effect of the mineral abundant solar salt. It is also known that sodium enhances oxidative stress. 32) However, production of peroxides was lower with solar salt than with regular refined salt. 33) The antioxidative effects of Cheonggukjang, soybeans naturally fermented by Bacillus subtilis, made using solar salt were higher than that made using regular refined salt. 34) Furthermore, solar salt fed mice showed higher suppression of tumor growth, increases in natural killer cell activity, and inhibition of lipid peroxidation than regular refined salt fed mice in the Sarcoma-180 cell transplanted mice. 35) Although the mechanism by which solar salt-based diet modulates vascular tone is not fully understood, decrease in sodium retention, vasodilation and improvement of endothelial function, modulation of RAAS, and the anti-oxidative effect may be important factors.
According to the Korea National Health and Nutrition Examination Survey, there is an inadequate intake of cal-cium and potassium. Calcium intake was 66% of the Recommended Nutrient Intake (RNI) and potassium was 78% of the RNI in females older than 1 year old. 36) Therefore, substituting low-sodium and abundant mineral solar salt for refined salt may have a greater anti-hypotensive effect in Koreans.
ACE activity was reduced in the solar salt group. However, unexpectedly, increased ACE activity in the refined salt group was much greater than the decreased ACE activity in the solar salt group. Increased ACE expression is well-known to be related to a higher risk of cardiovascular disease development and progression. 37) ACE inhibitors are widely used to reduce blood pressure and prevent renal complication. 38) But the mechanisms that regulate ACE expression are still unclear. 39) The reason for the increased ACE activity in the refined salt group is difficult to explain properly. We cannot exclude the possibility of the influence of other factors than salt.
This study has some limitations including its small sample size. The design was non-community-based and, along with this, there is a potential for selection bias. Due to the small number of subjects, it was difficult to assess other beneficial effects or mechanisms besides the anti-hypertensive effects of solar salt intake. However, because salt-based foods, including such dishes as Kimchi and other salt-fermented fish products, are very diverse among the foods consumed regularly by Koreans, we had to conduct a trial with a small number of subjects for dietary control. In order to not alter individual salt taste preferences, we had to provide equivalent sodium content to both groups. This study supports the beneficial effects of solar salt intake, including sodium reduction. And, in a nutrient database used for this study, solar salt is not included. We could not evaluate properly the mineral intake of the solar salt-based diet group. Thus, measuring urinary sodium and potassium excretion was the only option. Also, we cannot clarify the effect of refined salt in type and dose of antihypertensive medication. In conclusion, our results may provide clinical evidence that solar salt is beneficial for lowering or maintaining a healthy blood pressure. However, further large-scale studies and trials considering variable antihypertensive medication are necessary to investigate the other potential benefits of solar salt intake in elderly patients with hypertension.
